A decrease in bone mass is observed in hemophilic patients. The aim of this study was to evaluate bone mineral density (BMD), parathyroid hormone (PTH), 25-hydroxy vitamin D (vitamin D), and a bone formation and resorption marker, procollagen type I N-terminal propeptide (PINP) and urinary N-terminal telopeptide (uNTX) respectively, in hemophilic patients and healthy controls. Laboratory parameters related to the pathogenesis of bone loss such as neutrophil-lymphocyte ratio (NLR) and platelet-lymphocyte ratio (PLR) were also evaluated. Thirty-five men over 18 years of age, with severe hemophilia (A and B) and receiving secondary prophylaxis, were included in the study. The same number of age-, sex-, and ethnicity-matched healthy controls were evaluated. Anthropometric, biochemical, and hormonal parameters were determined in both groups. No significant difference in anthropometric parameters was found between the two groups. The BMD was low in 34% of hemophilic patients. Vitamin D, calcium, and free testosterone levels were significantly lower (p < 0.001, p = 0.011, p < 0.001, respectively), while PTH, PINP, and activated partial thromboplastin time (aPTT) levels were significantly higher (p < 0.014, p = 0.043, p < 0.001, respectively), in hemophilic patients compared to controls. There was no significant difference between the two groups in NLR, PLR, phosphorus, thyroid-stimulating hormone, and uNTX level. The reduction of bone mass in hemophilic patients may be evaluated using the markers of bone formation and resorption, enabling early detection and timely treatment.
INTRODUCTION
Hemophilia is an inherited bleeding disorder characterized by hemorrhagic events, such as intra-articular and intramuscular hemorrhage [1, 2] . Recent studies have shown a reduction in bone mass in patients with hemophilia [3] [4] [5] . Due to recurrent hemorrhage and decreased mobility, hemophilic patients are unable to maintain bone mineral density (BMD) observed in healthy children. In addition, 25-hydroxy vitamin D (vitamin D) deficiency, presence of plasma-derived factor VIII (FVIII) and factor IX (FIX) inhibitors, degree of hemophilia, low body weight, hepatitis C virus (HCV) and human immunodeficiency virus (HIV) infections, as well as treatment with antiviral drugs were also associated with osteoporosis and reduction in bone mass in patients with hemophilia [3, 4, 6, 7] . However, the pathophysiological mechanism leading to reduced bone mass, other causes of osteoporosis, and markers that can predict the reduction in bone mass in hemophilic patients have not been fully identified.
Osteoporosis is disease characterized by bone loss, increased bone fragility and bone fracture risk [8] . Risk factors for the development of osteoporosis include: age, use of glucocorticoids for more than three months, fracture history in first-degree relatives, low body mass index (BMI), cigarette smoking, nutritional factors, work conditions, exercise amount, and low socioeconomic status [9] [10] [11] [12] . Dual energy X-ray absorptiometry (DXA) is the recommended test for the evaluation of osteoporosis [13] . Diagnosis is made based on hip and lumbar (central region) DXA scans and the results are presented as bone mineral content (BMC, gr/cm2) of the specific region. BMD is reported as a T score compared to a healthy, young adult of the same sex and as a Z score compared to an individual of the same sex, weight, and ethnic Densitometry, the Z score adjusted for race and age should be used instead of T score. A Z score below −2.0 is reported as "low BMD according to chronological age" or "below expected range according to age. " The score above −2.0 is reported as "in the expected range according to age" [14] .
Biochemical markers of bone turnover reflect the metabolic activity of the bone and are classified into markers of bone formation and resorption. Up to now, a number of bone turnover markers have been identified. A few studies showed that vitamin D, parathyroid hormone (PTH), serum N-terminal telopeptide of type I collagen (NTX), C-terminal telopeptide of type I collagen (CTX), bone alkaline phosphatase (BALP), and osteocalcin (OC) are the markers of bone turnover in patients with hemophilia [15] [16] [17] . On the other hand, procollagen type I N-terminal propeptide (PINP), a bone formation marker released from osteoblasts, and urinary N-terminal telopeptide (uNTX), a marker of bone resorption detected in urine [18] , have not been investigated in hemophilic patients with osteoporosis.
Moreover, several recent studies have found a significant association between neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte ratio (PLR), and mean platelet volume (MPV), with low BMD [19] [20] [21] [22] . However, this association has not been evaluated in hemophilic patients.
The aim of this prospective study was to measure BMD in hemophilic patients and to compare markers of bone formation and resorption between patients with hemophilia and controls. Laboratory parameters such as NLR and PLR, which may be related to the pathogenesis of bone loss, were also evaluated.
MATERIALS AND METHODS

Patients
The study was conducted between January 2016 and July 2016 in hemophilic patients who had been followed up at the adult hematology clinic of the Konya Selcuk University Faculty of Medicine and volunteered to participate in the study. Ethics approval was obtained from the Selcuk University Faculty of Medicine (Ethics no: 2015/228). The participants were informed and written consents were obtained. We included 35 men with severe hemophilia (29 with hemophilia A and 6 with hemophilia B). All patients had been receiving secondary prophylaxis at the beginning of the study, for 8.1 ± 0.3 years. The therapy consisted of 1500 daily units of FVIII and FIX concentrates, 3 days per week, for patients with hemophilia A and B, respectively. None of the patients were positive for the FVIII and FIX inhibitor.
The control group consisted of healthy individuals of the same age, sex, and ethnicity. Patients undergoing treatment with vitamin D, calcium, antiepileptic drugs and long-term corticosteroids, alcohol users, as well as patients with previous malignancies, malabsorption, morbid obesity, hypogonadism, thyroid and parathyroid diseases were not included in the study.
A detailed history was obtained and physical examination was performed in patients and controls. Anthropometric measurements including height (m 2 ) and weight (kg) were also performed. The BMI was calculated as weight per height squared. The standard deviation score of height, weight, and BMI was determined for each group. Joint deformities in hemophilic patients were evaluated by physical examination. Flat graphs of joints of lower extremities were evaluated.
BMD measurement
BMD measurement was performed only in the patients with hemophilia. The BMD of lumbar vertebra and femoral neck was measured with a DXA device (Lunar DPX Prodigy-Tech, General Electric Company, Madison, WI, USA).
Laboratory assessment
All participants underwent the following laboratory assessments: complete blood count (CBC), FVIII or FIX activity, level of FVIII/IX inhibitor, glucose, serum creatinine, calcium (Ca), albumin (Alb), phosphorus (P), alkaline phosphatase (ALP), total bilirubin, direct bilirubin, aspartate aminotransferase (AST), alanine aminotransferase (ALT), activated partial thromboplastin time (aPTT), international normalized ratio (INR), C-reactive protein (CRP), hepatitis B surface antigen (HBsAg), antibodies against HCV (anti-HCV) and HIV (anti-HIV), vitamin D, free testosterone, PTH, and thyroid-stimulating hormone (TSH). The HCV viral load of hemophilic patients was not determined. The bone turnover markers, uNTX and PINP, were measured in all participants.
CBC was determined on a Coulter LH 780 hematology analyzer (Beckman Coulter, Inc., CA, USA). aPTT, INR, FVIII, and FIX were analyzed with a coagulation analyzer (Siemens Healthineers, Erlangen, Germany). Glucose, serum creatinine, CRP, Ca, Alb, P, ALP, total bilirubin, direct bilirubin, and liver function tests were determined on an AU analyzer (Beckman Coulter, Inc.). Hepatitis B surface antigen (HBsAg), anti-HCV and anti-HIV were analyzed using an Abbott analyzer (Abbott, Abbott Park, IL, USA). Free testosterone and vitamin D were quantified with liquid chromatography tandem-mass spectrometry [LC-MS] (ABSCIEX, USA). PTH and TSH were analyzed with Roche Modular E170 system (Roche Diagnostics, Basel, Switzerland). Urinary NTX and serum PINP were analyzed using commercially available enzyme linked immunosorbent assay (ELISA) kits (Elabscience, TX, USA).
Statistical analysis
Statistical analysis was performed with IBM SPSS Statistics for Windows, Version 22.0. (IBM Corp., Armonk, NY). Neutrophil count, NLR, PLR, hemoglobin, mean corpuscular volume (MCV), erythrocyte sedimentation rate (ESR), CRP, urea, creatinine, AST, ALT, Alb, total bilirubin, direct bilirubin, vitamin D, PTH, free testosterone, TSH, uNTX, PINP, aPTT, and MPV were analyzed with the Kolmogorov-Smirnov and Mann-Whitney U test. Age, years of diagnosis, height, weight, BMI, white blood count (WBC), lymphocyte count, platelet count, Ca, P, ALP, INR, and glucose were assessed with independent sample t-test. Univariate logistic regression analyses were conducted to identify potential predictors of BMD. The relationship between joint deformity and biochemical parameters was assessed by Spearman' s correlation analysis. Values of p < 0.05 were considered statistically significant.
RESULTS
The mean age of patients with hemophilia was 29.9 ± 8.07 years and it was 31.8 ± 12.0 years in the control group. There was no significant difference in the age, height, weight, and BMI between the two groups ( Table 1 ). The hemophilic patients had an average of 2.4 ± 1.6 bleeding events per year. Two patients had a bone fracture. HCV was detected in 7 patients, but none of the patients received anti-HCV therapy. There were no HIV-or HBsAg-positive patients.
Approximately 85% of hemophilic patients had one or more joint deformities. Three patients had 1, 11 had 2, 8 had 3, and 8 patients had more than 3 joint deformities. Five patients did not have joint deformities. The number of joint deformities was not correlated with biochemical test results, bone turnover parameters and BMD in patients with hemophilia.
Twelve of 35 hemophilic patients (34%) had low BMD. Osteoporosis of the femur neck was detected in 1 of 2 hemophilic patients over the age of 50. According to the age, BMD was within the expected range in 22 patients out of 33 patients under the age of 50, while low BMD was detected in 11/33 patients. Seven of these 11 patients had low BMD of the femur neck, 2 patients had low BMD of the lumbar vertebrae, and 2 patients had low BMD of both the femur neck and lumbar vertebrae. There was no significant correlation between the low BMD and biochemical parameters, bone turnover parameters, and HCV infection in patients with hemophilia.
Vitamin D, Ca, and free testosterone levels were significantly lower (p < 0.001, p = 0.011, and p < 0.001, respectively) in patients with hemophilia compared to control group. PTH, PINP, and aPTT levels were significantly higher (p = 0.014, p = 0.043, and p < 0.001, respectively) in hemophilic patients compared to controls (Table 2 ). There were no significant differences in the blood parameters, NLR, PLR, ESR, CRP, creatinine, AST, ALT, Alb, total bilirubin, ALP, glucose, P, TSH, and uNTX values between the two groups.
DISCUSSION
A decrease in bone mass is observed in hemophilic patients. In our study, a significant proportion (34%) of patients with severe hemophilia had low BMD. This percentage is significantly higher compared to healthy population (7.5%). The inability to perform regular physical activity because of joint deformities, and immobility due to bleeding events, probably lead to low BMD. Unfortunately we could not analyze the BMD in control group because of ethical constraints. In addition, we observed significantly lower levels of vitamin D in hemophilic patients, which might be the result of inadequate sunlight exposure due to immobility. Free testosterone and Ca levels were also significantly lower, while PTH was significantly higher in hemophilic patients compared to control group. However, the mean values of these parameters were within the normal range in both groups, and probably do not have a significant impact on BMD in hemophilic patients. Similarly, other studies did not show a significant relationship of PTH and total testosterone levels with bone turnover in hemophiliacs [15] [16] .
Previous studies evaluated several bone formation and resorption markers in hemophilic patients, including serum NTX-I, CTX-I, TRAP-5b, BALP, and OC [15] [16] [17] . In one of these studies, a significant negative correlation was found between BALP and BMD [15] . In the second study, OC was significantly lower in hemophilic patients compared to control group [16] . The third study evaluated OC and CTX-I levels in hemophilic children with low and normal BMD. While the level of OC was significantly lower in the group with low BMD, there was no relationship between CTX-I level and BMD [17] . On the contrary, PINP and uNTX have not been evaluated in hemophilic patients previously. An important finding of our study was that the serum PINP, which is a marker of bone formation, was significantly higher in hemophilic patients. On the other hand, the level of uNTX, a bone resorption marker, was not significantly different between the two groups. PINP can be used to monitor the progress of antiresorptive therapies as it is associated with the processes of bone remodeling. A decrease in PINP levels by more than 60% was reported one month after the start of antiresorptive treatment [23] . In patients with low BMD, PINP could be used for the initial diagnostic evaluation. We found no significant differences in CBC, ESR, CRP, liver and renal functions, ALP, Alb, P, total bilirubin, and fasting blood glucose between the two groups. A few studies reported an association of NLR, PLR, and MPV with osteoporosis [19] [20] [21] [22] . However, no previous study evaluated the association between low BMD and NLR, PLR and MPV in hemophiliacs.
NLR as a simple and inexpensive marker, which can be rapidly assessed, has been used as an indicator of inflammation in many diseases [24] [25] [26] [27] . Öztürk et al. [19] found that NLR is an independent marker for osteoporosis and suggested that inflammation is present during bone remodeling [19] . Huang and Li [20] demonstrated a significant association between BMD and NLR in osteoporotic postmenopausal women [20] . In our study, there was no significant relationship between low BMD and NLR in patients with hemophilia. Koseoglu et al. [21] reported that PLR in postmenopausal women might be predictive of low BMD [21] . In this study, although the PLR was higher in hemophilic patients compared to controls, this result was not statistically significant.
MPV is an early indicator of platelet activity and recent studies have shown that MPV plays an important role in bone remodeling [22] . In a study evaluating 410 postmenopausal women with osteoporosis, a significant negative correlation was found between MPV and the BMD of lumbar vertebrae and femoral neck after correction for other risk factors [22] . In our study, no significant relationship between low BMD and MPV was observed in patients with hemophilia.
CONCLUSION
We showed that BMD and vitamin D levels were significantly lower in patients with severe hemophilia. PINP was significantly higher in hemophilic patients compared to control group. There was no significant difference between the two groups in uNTX, NLR, PLR, and MPV values. Our results form a basis for future studies which should comprehensively investigate a higher number of bone turnover markers in a larger sample of hemophilic patients.
